to provide statistical data on fish populations and biological effects that can be used for planning purposes; 3. to detect unanticipated effects at an early stage; and, 4. to provide information on new chemical explosives or procedures.
Efforts have been made to evaluate fish kill on Naval Surface Weapons Center explosive test programs at Indian Head and Solomons, Maryland over a period of years, and these observations have been used for guidance and for the preparation of environmental impact assessments.
However, the evaluations were strongly dependent on the skill of the observer, and the recorded information was not always consistent from year to year. The area of kill is circular.
2.
The radius can be measured accurately.
3.
The fish population density is uniform throughout the test site. 4. There are sufficient fish to be statistically significant. 5. There is no current. 6. There is little wind.
7.
The dead fish float to the surface or sink to the bottom before trawling begins. The path of the boat can be accurately determined.
10.
The water is not too deep for effective handling of the bottom trawl.
11.
The bottom is level and smooth. 6 In some cases, fish specimens may be preserved for later dissection by a biologist to determine the nature of physiological damage.
When this is done, the distance of the fish from the explosion should be recorded.
The damage criteria listed in Only light hemorrhaging, principally in the tissues covering the kidney. (2) Gasbladder intact, but with light hemorrhaging throughout the body cavity with some damage to the kidney. (3) No external indication of damage but with the gasbladder usually burst.
Hemorrhaging and organ disruption less extreme than in (4) and (5) but with gross damage to the kidney. (4) Incomplete break through the body wall but with bleeding about the anus.
The gasbladder is almost invariably broken and the other organs damaged as noted under (5) . (5) Rupture of the body cavity.
The break is usually a slit just to the side of the midventral line. Associated with this severe damage is a burst gasbladder and gross damage to other internal organs.
The abdominal contents are often completely lost or homogenized. The kill was estimated visually to be less than 100 menhaden, extending to a range of 350 feet (107 meters) from the explosion.
Specimens of floating dead fish were collected from the boat with a dip net up to 11 minutes after the shot.
The data are summarized in Table 3 .2.
The distances from surface zero are visual estimates and are possibly in error by 25%.
It is interesting to note that no fish with damage levels (1) or (2) were collected. Although injured, these would continue swimming and would remain in the natural food chain.
Two bottom trawls were attempted but they proved difficult because of the 18.3-meter average water depth and the many changes in depth encountered during the runs.
The trawls were run at least 45 The dead fish were distributed uniformly in the pool after the shot, and samples were collected with a dip net from 60 to 495 seconds after the explosion.
The data are summarized in Table 3 The extent of fish kill could not be determined visually from the barge, but gulls were observed feeding about 300 meters from the shot point.
Observers in the boat stated that about 1000 fish were slowly floating up to the surface.
The surface trawl was placed in the water about 8 minutes after the shot and was towed through the dye patch.
The patch, including the dead fish, moved away from the barge at about 0.4 m/sec, and the trawl was towed at about 1 m/sec.
The trawl was in the water for 12 minutes, but the time in the dye was only about 5.5 minutes.
It was noted that the fish were in patches in the pool of dye. About 1.2 kg of menhaden were collected in the first trawl. The levels of damage are shown in Table 3 .8.
Following the first trawl, a series of samples was taken with a dip net.
The data are summarized in Table 3 .9. The distances shown were determined with a range-finder.
However, they represent the locations of fish after transport by the current.
The original positions are not known.
It was noted that fish were still floating to the surface, and a second surface trawl was started 65 minutes after the shot and was terminated 9 minutes later.
The boat was too far away from the barge for accurate tracking with the eguipment available.
The trawl net collected 0.77 kg of menhaden; the data are shown in Table 3 .10. Table 3 .11 presents a comparison of the overall results of the three sampling efforts.
In terms of percentage, the differences are minor, though more specimens were collected with the dip net. The trawls probably collected smaller numbers of fish because the fish were floating in patches.
Also, the boat towing the trawl may have pushed fish aside, thereby reducing the number collected by this method. Five water samples were collected in the surface pool, which was marked with fluorescein dye.
The times were 30, 50, 70, 90, and 120 seconds after the explosion.
When analyzed in the atomic absorption spectrophotometer, the barium concentrations were found to be below the limits of detection (0.5 mg/1) .
The estimated visible fish-kill was 50 menhaden. IV 
